Aims/hypothesis We estimated the incidence of chronic renal failure, the incidence of end-stage renal disease (ESRD) and renal mortality rates among New Zealand European and Maori patients with diabetes and estimated the ethnic difference in the risk of developing renal failure. Methods A renal complication-free cohort of adult diabetes patients registered with Waikato regional diabetes service, diagnosed with diabetes before 2003, were retrospectively followed for 4 years. Events of interest were renal hospital admission, ESRD and death coded with renal disease. Incidences of renal hospital admission, ESRD and death from renal disease were calculated for NZ Europeans and Maori patients with diabetes. Ethnic and sex differences in the risks of these renal outcomes were estimated using a Cox proportional hazards model. Results Of the 7,900 patients followed up, 116 (1.5%) had a renal admission, 42 (0.5%) started dialysis/transplantation and 21 (0.27%) died from renal disease. Maori diabetes patients had significantly higher incidences of dialysis or transplantation and rates of renal admission and renal death. Adjusted hazard ratios indicate that, compared with NZ Europeans with diabetes, Maori diabetes patients had a significantly higher risk of ESRD, renal admission and renal death (46-fold, seven-fold and four-fold increases, respectively). Maori patients progressed at a significantly faster rate from first hospital admission for chronic renal disease to ESRD. Conclusions/interpretation There were huge ethnic disparities in outcomes from renal disease. Screening for early kidney disease among Maori diabetes patients, intensive management of risk factors and further research on the aetiology of renal disease among Maoris is recommended.
Introduction
The indigenous Maori population of New Zealand has not only a high prevalence of diabetes but also a predisposition to nephropathy, independently of diabetes [1] . Maoris with type 2 diabetes are 15 times more likely to die from diabetic nephropathy than NZ Europeans with type 2 diabetes [2] . Incidence rates and hazard ratios for end-stage renal disease (ESRD) among Maori diabetes patients have not been estimated previously. Available studies on nephropathy among Maori diabetes patients have limitations because they were cross-sectional, looked at prevalence [3, 4] , included dialysis and transplant registry patients only [5] [6] [7] [8] , or included existing renal disease patients only [9] .
The Waikato Regional Diabetes Service (WRDS) provides specialist diabetes services and retinal screening for people in the area covered by the Waikato District Health Board (DHB). This cohort study, using the WRDS register, looked at the natural progression of renal disease among diabetes patients in New Zealand. Our aim was to estimate the incidence of end-stage renal failure among NZ European and Maori diabetes patients and the ethnic difference in the risk of developing ESRD.
Methods
The population included diagnosed diabetes patients resident in the Waikato DHB region. The crude incidence of ESRD in this cohort with established diabetes was 1.37/1,000 person-years. Rates of all three renal events increased with increasing age and duration of diabetes. Maori diabetes patients had a significantly higher incidence of dialysis or transplantation and significantly higher rates of renal admission and renal death than NZ Europeans ( Table 1 ). The crude incidence of dialysis/transplantation among Maoris with type 1 diabetes (17.3/1,000 person-years) was 11-fold higher than that among NZ Europeans. Although the incidence rate of dialysis/transplantation among Maoris with type 2 diabetes (4.57/1,000 person-years) was much lower than that among those with type 1 diabetes, it was 41 times higher than the rate among NZ Europeans. Adjusted hazard ratios confirmed this finding, with 46 times the risk of dialysis or transplantation for Maori type 2 diabetes patients. Maori diabetes patients in general had increased risk of renal admission (sevenfold), dialysis/transplantation (25-fold) and renal death (fourfold).
The proportion of Maoris developing a renal event over time was significantly greater than for that for non-Maoris for all renal events (Fig. 1) . Among the 116 patients with a first renal admission, 42 (36%) progressed to dialysis/ transplantation during follow-up and the progression was significantly faster among Maoris (Fig. 1d) .
Discussion
We have shown that ESRD is a relatively rare disease in NZ Europeans but the risk is much greater in Maoris, as in other indigenous populations.
Whereas population incidence rates for ESRD among Maoris exceed non-indigenous rates by fourfold (200 vs 50/million) [7] , the results of the present study indicate that the incidence rate for Maoris with diabetes exceeds that for NZ Europeans with diabetes by 15 times (5.14 vs 0.33/ 1,000 person-years). This study among people with diabetes shows that Maoris are up to 46 times more likely to have renal failure, which is much higher than the current official estimate of 3.5 times.
Maoris have a familial predisposition to nephropathy and high rates of hypertensive ESRD. Thompson et al. [1] found that a family history of ESRD among both diabetic and non-diabetic persons was associated with an increased mean albumin:creatinine ratio compared with diabetic and non-diabetic persons without a family history of ESRD. Although undiagnosed diabetes may not be a major problem among Maoris, a family history of renal disease and albuminuria at diagnosis of diabetes probably fuels the progression to renal failure [4] . Poorer glycaemic control and higher obesity and smoking rates may also be responsible for the increased progression rate among Maoris. Maori and Pacific people with type 2 diabetes who attended the diabetes annual review in 2004 received similar high rates of appropriate preventive drug therapy for cardiovascular disease and renal disease to NZ Europeans, but their prevalence of smoking, obesity, raised HbA 1c and albuminuria were substantially higher [10] . It was not possible to estimate the impact of these risk factors in the present study since the relevant information is not collected as part of routine retinal screening data collection. Studies of health service use suggest that Maoris have suboptimal access to healthcare in general, poorer compliance with medication and a range of other barriers to diabetes care. These may account for some of the observed disparities, but also hold in cardiovascular disease, where the disparities in outcome are much less. Indigenous people are less likely than non-indigenous people to receive a renal transplant prior to dialysis and there is anecdotal evidence of lower uptake of dialysis among Maoris. The large disparity in recording of ESRD may actually reflect an under-representation of the need.
Since this was a retrospective study, the changes in kidney function and the contribution of potential aetiological factors could not be assessed because of missing data, particularly in patients who did not develop renal disease. Maximum data capture was ensured by using a number of data sources, including the ANZDATA registry, NZHIS mortality data and hospital discharge data. NZHIS mortality data capture all deaths that are registered within New Zealand, including deaths outside hospitals, except deaths overseas. Our method was relatively complete for patients with ESRD, as Waikato is the only provider of renal service in the region and patients are not funded to go out of the area. NZHIS audits indicate a concordance of over 90% between clinical notes and discharge codes. Hospital admissions may have been underestimated since data were not available for private hospitals and hospitals outside the Waikato DHB region. There may therefore be some underrecording of earlier stages of renal disease. Although Waikato has a high proportion of Maoris, those living in Waikato are similar to Maoris living elsewhere with respect to their levels of obesity, lifestyle and diabetes prevalence. It is reasonable to generalise the present findings.
Although the renal hospital admission rates among NZ European diabetes patients observed in this study are in agreement with previously reported rates from the predominantly European Southlink Health [11] diabetes register in Dunedin, New Zealand, we have demonstrated that there are huge disparities in renal admission between Maori and NZ European diabetes patients. We have also shown that disparities between Maoris and NZ Europeans in mortality from renal disease observed in the South Auckland area in the early 1990s still hold true after a decade.
The faster progression from first hospital admission for chronic renal disease to dialysis/transplantation among Maoris indicates either that their renal complication is diagnosed at a more advanced stage or that there are possible differences in the treatment of chronic renal disease. It could also indicate faster progression of renal disease among Maoris or combinations of renal disorders in Maoris with possible additive effects. The free annual 'Get Checked' diabetes review programme in New Zealand serves as a screening tool measuring the albumin:creatinine ratio, but serum creatinine or estimated GFR is not part of the minimum data set requirement. More than 69% of New Zealand laboratories report estimated GFR results, together with most requests for serum creatinine in adult patients, but ethnic-specific validation studies are needed to fine tune its use as a screening tool.
In summary, we have shown the disparities in outcomes from renal disease between Maoris and New Zealand Europeans. The challenge lies in reducing these disparities in outcomes through early identification and intensive management of patients at risk. Those with a family history of renal disease, a reduced estimated GFR, microalbuminuria or hypertension and those with poor glycaemic control are all at increased risk and need early intervention. The disparities in outcomes for Maoris may be in part due to the increased prevalence of these risk factors, differences in treatment uptake, or unrecognised aetiological factors. More aggressive systematic screening for chronic kidney disease among Maori diabetes patients backed up by intensive management of risk factors and interventions to improve treatment uptake and compliance is recommended. More research into the aetiology of renal disease in Maoris is urgently required.
